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Description

[0001] The present invention relates to a liquid crystal
display device and an electronic apparatus.

[0002] Transflective liquid crystal display devices have
been proposed as liquid crystal display devices which
utilize external light in bright places, in a manner similar
to that in reflective liquid crystal display devices, and
which make the display visible with a backlight in dark
places, in a manner similar to that in transmissive liquid
crystal display devices. As such transflective liquid crys-
tal display devices, liquid crystal display devices are
known in which a liquid crystal layer is disposed between
an upper substrate and a lower substrate, a reflective
film formed of a metal film made of aluminum or the like
having a light-transmitting window is provided on the in-
ner side of the lower substrate, and the reflective film
functions as a semi-transmissive reflector. In this case,
in areflection mode, external lightincident from the upper
substrate passes through the liquid crystal layer, is re-
flected by the reflective film on the inner side of the lower
substrate, passes through the liquid crystal layer again,
and is emitted from the upper substrate to contribute to
display. In contrast, in a transmission mode, light from a
backlight incident from the lower substrate passes
through the liquid crystal layer from the window of the
reflective film, and is emitted outside from the upper sub-
strate to contribute to display. Therefore, a part of the
reflective film in which the window is provided serves as
a transmissive display region, and the other part serves
as a reflective display region.

[0003] In the conventional transflective liquid crystal
display devices, however, the viewing angle for trans-
missive display is narrow. This is because reflective dis-
play must be performed with one polarizer provided on
the side of an observer because of the semi-transmissive
reflector on the inner side of the liquid crystal cell so that
parallax is not caused, and the flexibility of optical design
is therefore low. In order to overcome this problem, Jisaki
et al. proposed a new liquid crystal display device using
homeotropic liquid crystal in Non-Patent Document 1 and
Patent Document 2 described below. The liquid crystal
display device has the following three features:

(1) A "VA (Vertical Alignment) mode" in which liquid
crystal having a negative dielectric anisotropy is
aligned perpendicular to the substrates, and is tilted
by the application of a voltage;

(2) A "multigap structure" in which the thickness of
a liquid crystal layer (cell gap) is different between a
transmissive display region and a reflective display
region (as for this structure, see, for example, Patent
Document 1); and

(3) A structure in which the transmissive display re-
gion is shaped like a regular octagon, and a protru-
sion is provided at the center of the transmissive dis-
play region on a counter substrate so that the liquid
crystal can tilt in all directions in the region, that is,

10

15

20

25

30

35

40

45

50

55

a "multi-domain structure".

[0004] [Patent Document 1] Japanese Unexamined
Patent Application Publication No. 11-242226

[0005] [Patent Document 2] Japanese Unexamined
Patent Application Publication No. 2002-350853

[0006] [Non-Patent Document 1] "Development of
transflective LCD for high contrast and wide viewing an-
gle by using homeotropic alignment"”, M. Jisaki et al., Asia
Display/IDW’'01, pp. 133-136 (2001)

[0007] The multigap structure disclosed in Patent Doc-
ument 1 is effective in ensuring the same electrooptic
characteristics (a transmittance-voltage characteristic
and a reflectance-voltage characteristic) in the transmis-
sive display region and the reflective display region. This
is because light passes through the liquid crystal layer
only once inthe transmissive display region, while it pass-
es therethrough twice in the reflective display region.
[0008] The multi-domain method adopted by Jisaki et
al. is a quite ingenious method utilizing the protrusion
and a slope defined by the multigap. However, this meth-
od has two serious problems. One problem is a weak
alignment control force of the slope in the multigap. In a
sloping area in the multigap, liquid crystal molecules are
aligned in an oblique direction perpendicular to the incli-
nation of the sloping area, and an electric field is also
applied thereto in the direction perpendicular to the incli-
nation. Therefore, a force for tilting the liquid crystal mol-
ecules in one direction is reduced. When the distance
between the protrusion provided at the center of the
transmissive display region and the sloping area in the
multigap exceeds a predetermined value, the liquid crys-
tal molecules are not tilted in a predetermined direction
when a voltage is applied. Therefore, the transmissive
display region must be shaped like a sufficiently small
octagon, and the aperture ratio decreases. The other
problem is that the tilting direction of liquid crystal in the
reflective display region is not controlled sufficiently. Dis-
orderly tilting of the liquid crystal causes disclination on
the boundary between different liquid crystal alignment
regions, whichresults in an afterimage and the like. More-
over, since the liquid crystal alignment regions have dif-
ferent viewing-angle characteristics, when the liquid
crystal display device is viewed from an oblique direction,
unevenness like stains appears.

[0009] US2002/0149728 discloses a liquid crystal dis-
play device including a vertical alignment type liquid crys-
tallayer between afirst substrate and a second substrate.
A picture element region is defined by a first electrode
provided on the surface of the first substrate facing the
liquid crystal layer and a second electrode provided on
the surface of the second substrate facing the liquid crys-
tal layer. The first substrate has at least one first protru-
sion with an inclined side face on the surface thereof
facing the liquid crystal layer in each of the plurality of
picture element regions. A portion of the liquid crystal
layer included in each of the plurality of picture element
regions is in a substantially vertical orientation state un-
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der application of no voltage, and includes at least a part
of afirst liquid crystal domain placed in a radially-inclined
orientation state about the first protrusion under voltage
application. A display is produced by changing the ori-
entation state of the liquid crystal layer in accordance
with an applied voltage.

[0010] The present invention has been made to over-
come the above problems, and an object of the present
invention is to provide a transflective liquid crystal display
device that prevents display failure, such as an afterim-
age and unevenness like stains, in both transmissive dis-
play and reflective display, and that achieves a bright
display with a wide viewing angle.

[0011] In order to overcome the above problems, the
present invention provides a liquid crystal display device
comprising:

a pair of substrates each having an electrode on one
side; and

a liquid crystal layer disposed between the sub-
strates with the electrodes therebetween, the sub-
strates and the electrodes defining dot regions, a dot
region being the smallest display unit of the display
device,

wherein each of the dot regions includes a transmis-
sive display region for transmissive display and a
reflective display region for reflective display,
wherein the liquid crystal layer contains homeotropic
liquid crystal, and the thickness thereof differs be-
tween the transmissive display region and the reflec-
tive display region,

wherein a boundary sloping area is provided on the
inner side of one of the substrates to make the thick-
ness of the liquid crystal layer different between the
transmissive display region and the reflective display
region,

characterized in that at least one of the electrodes
of the substrates includes, in the dot region, a plu-
rality of islands and a connecting portion for electri-
cally connecting adjoining islands, the connecting
portion being thinner than the adjoining islands in a
direction parallel to one of the substrates and per-
pendicular to the direction of separation of the ad-
joining islands, wherein the number of islands in
each of the transmissive display region and the re-
flective display region is an integer, including one,
wherein the connecting portion of the electrode is
disposed in the region which overlaps with the
boundary sloping area, when seen in a direction per-
pendicular to one of the substrates, and
whereinthe transmissive display regionis largerthan
the reflective display region.

[0012] That is, the liquid crystal display device of the
present invention is a vertically-aligned transflective lig-
uid crystal display device having a multigap structure,
and an electrode in a dot region includes a plurality of
islands and a connecting portion for electrically connect-
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ing the islands.

[0013] Insuch a structure in which the electrode in the
dot region includes a plurality of islands, the tilting direc-
tion of homeotropic liquid crystal is pointed toward the
centers of the islands by oblique electric fields generated
atthe edges of the islands by the application of a voltage.
As a result, liquid crystal domains in a radially aligned
state are formed in the planar regions of the islands. A
plurality of liquid crystal domains in such aradially aligned
state provided in a dot region ensure a uniform viewing-
angle characteristic in all directions. Moreover, since the
boundaries between the liquid crystal domains are fixed
at the boundaries between the adjoining islands, une-
venness like stains does not appear when the panel is
obliquely viewed, and superior display is possible.
[0014] Since an integral number of islands are dis-
posed in each of the reflective display region and the
transmissive display region in the present invention, the
thickness of the liquid crystal layer is uniform in the is-
lands disposed in each region, and a high-quality display
in which the liquid crystal alignment state is properly con-
trolled can be ensured in both reflective display and trans-
missive display.

[0015] Sincethe boundary sloping area (multigap slop-
ing area) provided in the dot region to make the thickness
of the liquid crystal layer different in the reflective display
region and the transmissive display region is disposed
right below the connecting portion for electrically con-
necting the adjoining islands, the display quality can be
effectively prevented from being reduced by the multigap
structure. More specifically, since liquid crystal mole-
cules are aligned along the inclination of the boundary
sloping area, if the boundary sloping area has an elec-
trode, an oblique electric field is generated when a volt-
ageis applied, and may disturb the alignment of the liquid
crystal molecules. Accordingly, the above configuration
of the present invention minimizes the electrode in the
boundary sloping area, and effectively prevents the dis-
play quality from being reduced by the boundary sloping
area.

[0016] In this way, the liquid crystal display device of
the presentinvention makes it possible to achieve a high-
contrast display with a wide viewing angle in both reflec-
tive display and transmissive display, and a high-quality
display that does not cause unevenness like stains or
the like when the panel is obliquely viewed.

[0017] Intheliquid crystal display device of the present
invention, the islands may have almost the same planar
shape in the reflective display region and the transmis-
sive display region. Since this allows the liquid crystal
domains provided in the dot region to have the same
shape and the same size in both the reflective display
region and the transmissive display region, the viewing-
angle characteristic is uniform in reflective display and
transmissive display, and a display with a uniform view-
ing-angle characteristic can be performed, regardless of
a display mode.

[0018] In the liquid crystal display device, preferably,
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alignment control means are provided in the planar re-
gions of the islands to control the alignment state of the
liquid crystal when a voltage is applied. This makes it
possible to more properly control the alignment state of
the liquid crystal in the planar regions of the islands (that
is, in the display regions) by the alignment control effect
of the oblique electric fields generated at the edges of
the islands and by the alignment control effect of the
above alignment control means. Even when the planar
areas of the islands are made relatively large, alignment
is rarely disturbed, and superior display is possible.
[0019] Intheliquid crystal display device of the present
invention, preferably, the alignment control means are
provided at almost the centers of the planar regions of
the islands. In this case, the liquid crystal can be aligned
radially and symmetrically with respect to the centers of
the islands in the liquid crystal domains provided corre-
sponding to the islands, and the viewing-angle charac-
teristic of the liquid crystal display device can be made
symmetric with respect to the front of the panel (in the
direction of the normal to the substrates).

[0020] Intheliquid crystal display device of the present
invention, the alignment control means are provided cor-
responding to the islands in the dot region, and an align-
ment control means corresponding to anisland disposed
in the reflective display region has a planar area smaller
than that of an alignment control means disposed in the
transmissive display region.

[0021] Intheliquid crystal display device of the present
invention having the multigap structure, in the reflective
display region in which the thickness of the liquid crystal
layer is relatively small, the alignment control effect of an
oblique electric field at the edge of the island and the
alignment control means is stronger than in the transmis-
sive display region in which the thickness of the liquid
crystal layer is large. Accordingly, by setting the planar
area of the alignment control means in the reflective dis-
play region to be smaller than that of the alignment control
means in the transmissive display region, and using the
difference in the alignment control effect due to the thick-
ness of the liquid crystal layer, an alignment control effect
similar to that in the transmissive display region is ob-
tained, and the aperture ratio is increased by reducing
the planar area or the like. Consequently, the brightness
can be increased without reducing the reflective display
contrast and the like.

[0022] Intheliquid crystal display device of the present
invention, the alignment control means may be apertures
provided in an electrode opposing the islands with the
liquid crystal layer therebetween, or protrusions made of
an insulating material and provided on the electrode. In
the liquid crystal display device of the present invention,
these apertures or protrusions can be used as the align-
ment control means. Whether the apertures or the pro-
trusions are used, the tilting direction of the homeotropic
liquid crystal when a voltage is applied can be controlled
properly.

[0023] Intheliquid crystal display device of the present
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invention, preferably, the islands are shaped like a circle
oraregular polygonin plan view. In the presentinvention,
theislands are provided so that the liquid crystal is radially
oriented in the planar regions thereof by oblique electric
fields generated at the edges. The above shape makes
it possible to easily form liquid crystal domains in the
radially oriented state. In order to make the viewing-angle
characteristic uniform, it is preferable that the islands be
rotationally symmetric with respect to the planar centers
thereof, and have a planar shape like a circle or a regular
polygon.

[0024] Intheliquid crystal display device of the present
invention, preferably, the planar shape of portions of the
electrode at connections between the islands and the
connecting portion is tapered from the islands toward the
connecting portion. Since liquid crystal molecules are
thereby oriented at the connections from both sides of
the connecting portion, even when disclination occurs
near the connections, it can be concentrated toward the
connecting portion. Consequently, a reduction in display
quality due to such disclination is minimized, and superior
display is possible.

[0025] Intheliquid crystal display device of the present
invention, preferably, the connecting portion extends
from corners or outwardly projecting edges of the islands
in plan view. This can substantially increase the margin
of alignment error of the substrates holding the liquid
crystal layer therebetween. For example, in a case in
which an electrode having islands and a connecting por-
tion is provided on one of the substrates, and a boundary
sloping area in the multigap structure is provided on the
other substrate, the substrates are aligned so that the
connecting portion is disposed above the boundary slop-
ing area. When the boundary sloping area overlaps with
an island due to the alignment error of the substrates,
the display contrast is reduced by the influence of the
boundary sloping area. Since the above structure can
reduce the overlapping portion between the island and
the boundary sloping area, the reduction in the display
quality due to the alignment error can be minimized.
[0026] Intheliquid crystal display device of the present
invention, a reflective film may be provided in a portion
of the dot region including the reflective display region,
and the reflective film may cover the dot region except
for the transmissive display region. This allows the re-
flective film provided outside the reflective display region
to function as a shielding film. Consequently, leakage of
light outside the transmissive display region can be ef-
fectively blocked, and the transmissive display contrast
can be enhanced.

[0027] Intheliquid crystal display device of the present
invention, preferably, the reflective film covers the dot
region except for the planar region of an island disposed
in the transmissive display region. In this case, the con-
necting portion for connecting the island is also shielded
by the reflective film. In particular, by providing the re-
flective film at the connecting portion disposed above the
boundary sloping area, light leakage from the boundary



7 EP 1505 428 B1 8

sloping area in which the alignment of the liquid crystal
is apt to be disturbed can be prevented, and the contrast
can be enhanced.

[0028] The liquid crystal display device of the present
invention may further include a plurality of color filters of
different colors corresponding to the dot regions, and two
of the color filters may overlap with each other in each
of the dot regions except for the islands. In this case,
since the transmittance of a non-display region in the dot
region is reduced, and the non-display region can func-
tion as a shielding means by stacking the color filters,
light leakage from the non-display region is reduced, and
the transmissive display contrast is enhanced. When the
reflective film extends to the region except for the trans-
missive display region, light reflected by such a reflective
film can be prevented from returning to the incident side,
and therefore, the reflective display contrast can be en-
hanced.

[0029] Intheliquid crystal display device of the present
invention, a color filter is provided on a side of at least
one of the substrates, the side being close to the liquid
crystal layer, and has an opening in a planar region of
an island disposed in the reflective display region, and
the opening is provided two-dimensionally apart from the
boundary sloping area and the periphery of the island.
[0030] By forming the opening in the color filter in the
reflective display region, the luminance of the reflective
display can be increased, the chromaticities in the reflec-
tive display and the transmissive display can be balanced
well, and high-luminance, high-quality color display is
possible. Since the opening in the reflective display re-
gion is apart from the edge of the island and the boundary
sloping area, even when the alignment is disturbed at
the edge of the islands and the boundary sloping area,
the disturbance is not visibly recognized by the user be-
cause the reflectance of the regions is made low by the
color filter.

[0031] Intheliquid crystal display device of the present
invention, the island disposed in the reflective display
region may have a planar area larger than that of the
island disposed in the transmissive display region. As
described above, in the liquid crystal display device of
the present invention having the multigap structure, the
alignment control effect of the edge of the island in the
reflective display region is greater than the alignment
control effect in the transmissive display region. There-
fore, even when the island in the reflective display region
islarger than the island in the transmissive display region,
a similar alignment control effect can be obtained. Con-
sequently, when the luminance balance between the re-
flective display and the transmissive display is adjusted
according to the application, it can be adjusted by the
planar areas of the islands in both the regions.

[0032] Intheliquid crystal display device of the present
invention, a signal line for supplying an electric signal to
the electrode in the dot region extends along the edge
of the dot region, and the island disposed in the trans-
missive display region is disposed more apart from the
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signal line in plan view than the island disposed in the
reflective display region.

[0033] Near the signal line, an unnecessary oblique
electric field is sometimes generated because of the po-
tential, and may disturb the alignment of the liquid crystal.
For this reason, it is preferable that the signal line be
disposed at a certain distance from the islands. However,
when the distance therebetween increases, the aperture
ratio of the dot region decreases. Accordingly, in the
transmissive display region in which the alignment con-
trol force at the edge of the island is weaker and the
influence of the electric field at the signal line is greater
than in the reflective display region, the island and the
signal line are disposed at a greater distance from each
other. Consequently, the distance between the signal line
and the island can be optimized in both the reflective
display region and the transmissive display region, and
the optimal aperture ratio can be ensured in both the
reflective display region and the transmissive display re-
gion while preventing the display quality from being re-
duced by the disturbance of the alignment due to the
oblique electric field generated near the signal line.
[0034] Intheliquid crystal display device of the present
invention, a two-terminal nonlinear element electrically
connected to the signal line and the electrode is provided
corresponding to the dot region on a surface face of one
of the substrates, the surface being close to the liquid
crystal layer, and the signal line is provided along the
short side of the dot region.

[0035] Inaliquid crystal display device using the two-
terminal nonlinear element as a switching element, the
signal line is provided in only one direction on one of the
substrates. By providing the signal line along the short
side of the dotregion, an area on which an oblique electric
field generated by the potential of the signal line acts is
made small with respect to the dot region. Consequently,
even when the signal line and the island are disposed at
a greater distance from each other to prevent the influ-
ence of the electric field at the signal line than in the case
in which the signal line is provided along the long side of
the dot region, the reduction in the aperture ratio of the
entire dot region is limited, and a bright display can be
obtained in both the transmissive display and the reflec-
tive display.

[0036] Inthe liquid crystal display device of the present
invention, a switching element may be electrically con-
nected to the electrode including the islands and the con-
necting portion, and the reflective film may extend to the
switching element. In this case, even when the alignment
of the liquid crystal is disturbed near the switching ele-
ment because of the electric field, the reflective film func-
tions as ashielding means, and can preventlightleakage.
This allows a high-contrast display.

[0037] Intheliquid crystal display device of the present
invention, preferably, a light-scattering means for scat-
tering reflected lightis provided on the liquid-crystal-layer
side of the substrate having the reflective film, and the
light scattering means is provided in the planar region of
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the island disposed in the reflective display region. In this
structure, a bright reflective display is possible, unnec-
essary light reflected by the non-display region can be
prevented from reaching the user, and the visibility can
be enhanced.

[0038] Preferably, an island disposed in the reflective
display region has a planar area larger than an island
disposed in the transmissive display region.

[0039] Theliquidcrystal display device having this con-
figuration is also a vertically-aligned transflective liquid
crystal display device having a multigap structure, and
an electrode in a dot region includes a plurality of islands
and a connecting portion for electrically connecting the
islands, in a manner similar to that in the above-described
liquid crystal display device. In such a structure in which
the electrode in the dot region includes a plurality of is-
lands, the tilting direction of homeotropic liquid crystal
can be pointed toward the centers of the islands by ob-
lique electric fields generated at the edges of the islands
by the application of a voltage. As a result, a plurality of
liquid crystal domains in a radially aligned state are
formed in the planar regions of the islands. A uniform
viewing-angle characteristic can be obtained in all direc-
tions because of the liquid crystal domains. Moreover,
since the boundary between the liquid crystal domains
is fixed at the boundary between the adjoining islands,
unevenness like stains does not appear when the panel
is obliquely viewed, and superior display is possible.
[0040] Inthis case, the island disposed in the reflective
display region is two-dimensionally larger than the island
disposed in the transmissive display region. Since the
thickness of the liquid crystal layer is smaller in the re-
flective display region than in the transmissive display
region of the dot region in the multigap structure, an align-
ment control force of an oblique electric field generated
at the edge of the island is strong, and can control the
alignment of liquid crystal molecules in a wider region
than in the transmissive display region. Accordingly, in
this case, the aperture ratio of the reflective display region
is increased by making the island in the reflective display
region larger than the island in the transmissive display
region, thereby achieving a bright reflective display.
While the luminance balance between the transmissive
display and the reflective display is sometimes changed
depending on the characteristics of an electronic appa-
ratus or the like, in which the liquid crystal display device
is mounted, in the transflective liquid crystal display de-
vice, it can be adjusted by thus enlarging the island in
the reflective display region.

[0041] Therefore, this can provide a liquid crystal dis-
play device which can perform a high-contrast display in
both the reflective display and the transmissive display
without causing unevenness like stains and image stick-
ing, and which is easily and widely applicable.

[0042] Preferably, the electrode includes, in the planar
regions of the islands, alignment control means for con-
trolling an alignment state of the liquid crystal when an
electric field is applied, and alignment control means dis-
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posed in the reflective display region has a planar area
smaller than that of alignment control means disposed
in the transmissive display region.

[0043] Theliquidcrystaldisplay device having this con-
figuration is also a vertically-aligned transflective liquid
crystal display device having a multigap structure, and
an electrode in a dot region includes a plurality of islands
and a connecting portion for electrically connecting the
islands, in a manner similar to that in the above liquid
crystal display device. In such a structure in which the
electrode in the dot region includes a plurality of islands,
the tilting direction of homeotropic liquid crystal can be
pointed toward the centers of the islands by oblique elec-
tric fields generated at the edges of the islands by the
application of a voltage. As a result, a plurality of liquid
crystal domains in a radially aligned state are formed in
the planar regions of the islands. A uniform viewing-angle
characteristic can be obtained in all directions because
of the liquid crystal domains. Moreover, since the bound-
ary between the liquid crystal domains is fixed at the
boundary between the adjoining islands, unevenness
like stains does not appear when the panel is obliquely
viewed, and superior display is possible.

[0044] Inthis case, the alignment control means in the
reflective display region is smaller than the alignment
control means in the transmissive display region. This
can increase the aperture ratio of the reflective display
region, and can perform a bright reflective display. Since
the thickness of the liquid crystal layer is smaller in the
reflective display region than in the transmissive display
region in the dot region of the multigap structure, the
alignment control force of an oblique electric field gener-
ated at the edge of the island increases, and the align-
ment control force of the alignment control means pro-
vided in the electrode also increases. Therefore, even
when the alignment control means is made small, as in
this case, an alignment control effect equivalent to that
in the transmissive display region can be obtained, and
a high-quality reflective display in which unevenness like
stains and image sticking are effectively prevented can
be obtained.

[0045] Preferably, one of the pair of substrates is a
device substrate including a pixel electrode and a signal
line extending along an edge of the pixel electrode; the
other of the pair of substrates is a counter substrate hav-
ing a counter electrode on one side; and the distance
between the pixel electrode and the signal line in the
reflective display region is shorter than the distance in
the transmissive display region.

[0046] In this case, the positions of the pixel electrode
and the signal line are defined in a vertically-aligned
transflective liquid crystal display device having a multi-
gap structure. The liquid crystal display device has signal
lines electrically connected to pixel electrodes in dot re-
gions to supply a voltage to the pixel electrodes. These
signal lines sometimes generate an oblique electric field
therearound, depending on the voltage supplied to the
pixel electrodes. When such an oblique electric field acts
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on the liquid crystal in the display region, the alignment
may be disturbed, and the display quality may be re-
duced. Therefore, it is preferable that a pixel electrode
and a signal line be arranged at a certain distance from
each other. However, when the distance therebetween
increases, the aperture ratio of the dot region decreases,
and the display becomes dark. Accordingly, in this case,
the distance between the pixel electrode and the signal
line is made longer in the transmissive display region
than in the reflective display region by utilizing the fact
that the alignment control force of the edge of the elec-
trode and the alignment control means is stronger in the
reflective display region, in which the thickness of the
liquid crystal layer is small, than in the transmissive dis-
play region in the vertically aligned liquid crystal display
device having a multigap structure. This can achieve a
high-quality display in which unevenness like stains and
image sticking are prevented in the transmissive display
and the reflective display while minimizing the reduction
in the aperture ratio of the dot region.

[0047] Anelectronic apparatus of the presentinvention
has the above-described liquid crystal display device of
the present invention. This provides an electronic appa-
ratus having a display section that can perform display
in both a transmission mode and a reflection mode, and
achieves a high-contrast display with a wide viewing an-
gle in both the modes.

[0048] Embodiments of the present invention will be
described by way of further example and with reference
to the drawings in which:-

Fig. 1 is a circuit diagram of a liquid crystal display
device according to a first embodiment.

Fig. 2 is an explanatory view showing, in plan, an
electrode structure in the first embodiment.

Figs. 3(a) and 3(b) are enlarged structural plan and
structural sectional views of a pixel region in the first
embodiment.

Fig. 4 is a structural plan view of a pixel region in a
liquid crystal display device of a second embodi-
ment.

Fig. 5 is a structural plan view of a pixel region in a
liquid crystal display device of a third embodiment.
Fig. 6 is a structural plan view of a pixel region in a
liquid crystal display device of a fourth embodiment.
Fig. 7 is a structural plan view of a pixel region in a
liquid crystal display device of a fifth embodiment.
Fig. 8 is a structural plan view of a pixel region in a
liquid crystal display device of a sixth embodiment.
Fig. 9 is a structural plan view of a pixel region in a
liquid crystal display device of a seventh embodi-
ment.

Fig. 10 is a structural plan view of a pixel region in a
liquid crystal display device of an eighth embodi-
ment.

Fig. 11 is a structural perspective view of an example
of an electronic apparatus according to the present
invention.
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[0049] In the following drawings, layers and members
are shown on different scales in order to make the layers
and members more recognizable.

(First Embodiment)

[0050] Fig. 1is a circuit diagram of a liquid crystal dis-
play device according to a first embodiment of the present
invention, Fig. 2 is a structural plan view of one pixel
region in the liquid crystal display device, and Figs. 3(a)
and 3(b) are an enlarged structural plan view and a struc-
tural sectional view, respectively, of the pixel region. A
liquid crystal display device shown in these figures is an
active-matrix color liquid crystal display device using
TFDs (thin film diodes)(two-terminal nonlinear elements)
as switching elements. The liquid crystal display device
of this embodiment includes a liquid crystal layer made
of a liquid crystal having a negative dielectric anisotropy
that is initially aligned in the vertical direction.

[0051] AsshowninFig.1,aliquidcrystal display device
100 of this embodiment includes a scanning-signal driv-
ing circuit 110 and a data-signal driving circuit 120. The
liquid crystal display device 100 also includes signal
lines, thatis, a plurality of scanning lines 13 and a plurality
of data lines 9 crossing the scanning lines 13. The scan-
ning lines 13 are driven by the scanning-signal driving
circuit 110, and the data lines 9 are driven by the data-
signal driving circuit 120. In each pixel region 150, a TFD
40 and a liquid crystal display element 160 (liquid crystal
layer) are connected in serial between a scanning line
13 and a data line 9. While the TFD 40 is connected to
the scanning line 13 and the liquid crystal display element
160 is connected to the data line 9 in Fig. 1, conversely,
the TFD 40 may be connected to the data line 9 and the
liquid crystal display element 160 may be connected to
the scanning line 13.

[0052] A description will now be given of the planar
structure of electrodes provided in the liquid crystal dis-
play device of this embodiment with reference to Fig.2.
As shown in Fig. 2, in the liquid crystal display device of
this embodiment, pixel electrodes 31 that are rectangular
in plan view and connected to the scanning lines 13
through the TFDs 40 are arranged in a matrix, and com-
mon electrodes 9 are arranged like strips (in stripes) in
plan view to oppose the pixel electrodes 31 in the direc-
tion perpendicular to the plane of the figure. The common
electrodes 9 define the data lines shown in Fig. 1, and
are formed like stripes to cross the scanning lines 13. In
this embodiment, a region having each pixel electrode
31 defines one dot region, and display can be performed
in each of the dot regions arranged in a matrix.

[0053] Each TFD 40 serves as a switching element for
connecting a scanning line 13 and a pixel electrode 31.
For example, the TFD 40 has an MIM structure including
a first conductive film containing Ta as the main compo-
nent, an insulating film provided on the surface of the first
conductive film and containing Ta,O5 as the main com-
ponent and a second conductive film provided on the
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surface of the insulating film and containing Cr as the
main component. The first conductive film of the TFD 40
is connected to the scanning line 13, and the second
conductive film is connected to the pixel electrode 31.
[0054] The pixel structure of the liquid crystal display
device 100 of this embodiment will now be described with
reference to Figs. 3(a) and 3(b). Fig. 3(a) is a structural
plan view of one pixel region in the liquid crystal display
device 100, and Fig. 3(b) is a structural sectional view,
taken alongline A-A’in Fig. 3(a). The liquid crystal display
device 100 of this embodiment includes dot regions each
having a pixel electrode 31 inside an area surrounded
by data lines 9, scanning lines 13, etc., as shown in Fig.
2. A color filter of one of the three primary colors is pro-
vided corresponding to one dot region, and three dot re-
gions (D1, D2, and D3) constitute a pixel including color
filters 22R, 22G, and 22B of the three colors, as shown
in Fig.3(a).

[0055] A pixel electrode 31 includes three islands 31a
to 31c, and connecting portions 31d and 31e for electri-
cally connecting the adjoining islands, as shown in Fig.
3(a). More specifically, the islands 31a to 31c shaped
like a regular octagon in plan view are arranged in the
extending direction of the scanning lines 13 along the
side edges of the dot region, and the connecting portions
31d and 31e extend substantially parallel to the scanning
lines 13, respectively, between the islands 31a and 31b
and between the islands 31b and 31c. The island 31a is
electrically connected to a TFD 40.

[0056] Theisland 31ais provided inside a part of each
dot region in which a reflective film 20 is provided, and
the remaining islands 31b and 31c are provided in the
other part in which the reflective film 20 is not provided.
[0057] The planar region of the island 31a provided in
the part having the reflective film 20 (and a part of the
connecting portion 31d) serves as a reflective display
region R in the liquid crystal display device 100, and the
planar regions of the islands 31b and 31c, a part of the
connecting portion 31d, and the connecting portion 31e
constitute a transmissive display region T.

[0058] AsshowninFig. 3(b),inthe liquid crystal display
device 100 of this embodiment, a liquid crystal layer 50
made of a liquid crystal material that is initially aligned in
the vertical direction, that s, that has a negative dielectric
anisotropy, is disposed between an upper substrate (de-
vice substrate) 25 and a lower substrate (counter sub-
strate) 10 disposed opposed thereto. A backlight (illumi-
nation device) 15 serving as a source of light for trans-
missive display is provided on the outer side of the lower
substrate 10.

[0059] In this way, the liquid crystal display device of
this embodiment is a vertically aligned liquid crystal dis-
play device having the homeotropic liquid crystal layer
50, and a transflective liquid crystal display device capa-
ble of reflective display and transmissive display.
[0060] In the lower substrate 10, a reflective film 20
made of a metal having high reflectance, such as alumi-
num or silver, is partially provided on the surface of a
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substrate body 10A made of a transmissive material,
such as quartz or glass, with an insulating film 24 there-
between. The reflective display region R is provided in a
region in which the reflective film 20 is provided.

[0061] The insulating film 24 provided on the substrate
body 10A has surface irregularities. In conformance with
such irregularities, the surface of the reflective film 20
also has irregularities. Since reflective light is scattered
by such irregularities, mirror reflection is prevented, and
high visibility is achieved.

[0062] Aredcolorfilter 22R is provided onthe reflective
film 20 and substrate body 10A in the dot region from the
reflective display region R to the transmissive display re-
gion T. In plan view, color filters 22R (red), 22G (green),
and 22B (blue) of three colors are arranged, and the scan-
ning lines 13 extend right above the boundaries between
the adjoining color filters, as shown in Fig. 3(a).

[0063] An insulating film 26 is selectively provided on
the color filter 22R above the reflective film 20. The in-
sulating film 26 thus partially provided in the dot region
makes a difference in the thickness of the liquid crystal
layer 50 between the reflective display region R and the
transmissive display region T. For example, the insulat-
ing film 26 is made of a film of an organic material, such
as acrylic resin, having a thickness of approximately 0.5
pm to 2.5 pm, and defines a boundary sloping area N,
which is formed of an inclined face and in which the thick-
ness thereof continuously changes, near the boundary
between the reflective display region R and the transmis-
sive display region T. The thickness of the liquid crystal
layer 50 in the transmissive display region T is approxi-
mately 2 pm to 7 um, and the thickness in the reflective
display region R is almost half the thickness in the trans-
missive display region T.

[0064] In this way, the insulating film 26 functions as
a liquid-crystal-layer thickness adjusting layer whose
thickness makes a difference in the thickness of the liquid
crystal layer 50 between the reflective display region R
and the transmissive display region T. In this embodi-
ment, an edge of an upper flat surface of the insulating
film 26 is substantially aligned with an edge of the island
3la that constitutes the pixel electrode 31 in the upper
substrate 25, and the boundary sloping area N formed
by the insulating film 26 is disposed right below the con-
necting portion 31d between the islands 31a and 31b.
[0065] A common electrode 9 made of a transparent
conductive material, such as ITO, is provided on the sur-
face of the lower substrate 10 including the surface of
the insulating film 26. The common electrode 9 extends
in stripes in the direction perpendicular to the plane of
the paper in plan view, and functions as an electrode
common to a plurality of dot regions arranged in the di-
rection perpendicular to the plane of the paper. The com-
mon electrode 9 is partially cut out to form apertures 9a
to 9c corresponding to each dot region. As shown in Fig.
3(a), the apertures 9a to 9c are provided corresponding
to the islands 31a to 31c of the pixel electrode 31, and
are provided at almost the centers of the planar regions
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of the islands 31a to 31c.

[0066] Although not shown, a vertical alignment film
composed of polyimide or the like is provided to cover
the common electrode 9. The vertical alignment film is
an alignment film that allows liquid crystal molecules to
be aligned perpendicularly to the film surface. In this em-
bodiment, it is preferable that the vertical alignment film
be not subjected to alignment treatment such as rubbing.
[0067] While the reflective film 20 and the common
electrode 9 are separately disposed in this embodiment,
a reflective film made of a metal material may be used
as a part of a common electrode in the reflective display
region R.

[0068] In the upper substrate 25, a pixel electrode 31
made of a transparent conductive material, such as ITO,
and having a planar shape shown in Fig. 3(a) is provided
on asubstrate body 25A made of a transmissive material,
such as glass or quartz, close to the liquid crystal layer
50. A TFD 40 and a scanning line 13 are provided cor-
responding to the pixel electrode 31. Although not shown,
a vertical alignment film composed of polyimide or the
like is provided to cover the pixel electrode 31.

[0069] A circularly polarizing plate in which a retarda-
tion plate 18 and a polarizer 19 are stacked from the side
of the substrate body 10A is provided on the outer side
of the lower substrate 10. A circularly polarizing plate in
which a retardation plate 16 and a polarizer 17 are
stacked from the side of the substrate body 25A is pro-
vided on the outer side of the upper substrate 25. That
is, in the liquid crystal display device 100 of this embod-
iment, circularly polarized light is caused to enter the lig-
uid crystal layer 50 for display. Unlike the case in which
linearly polarized light enters the liquid crystal layer 50,
the transmittance inside the dot region is uniform, regard-
less of the alignment direction of the liquid crystal mole-
cules when a voltage is applied, and the aperture ratio
of the dot region can be substantially increased. There-
fore, the display luminance of the liquid crystal display
device can be increased.

[0070] The above circularly polarizing plate may be a
circularly polarizing plate including a combination of a
polarizer and a quarter-wave retardation plate, a broad-
band circularly polarizing plate including a combination
of a polarizer, a half-wave retardation plate, and a quar-
ter-wave retardation plate, or a circularly polarizing plate
having a viewing-angle compensating function obtained
by combining a polarizer, a half-wave retardation plate,
a quarter-wave retardation plate, and a negative C-plate.
The term "C-plate" refers to a retardation plate having an
optical axis in the thickness direction.

[0071] In the liquid crystal display device of this em-
bodiment having the above configuration, the pixel elec-
trode 31 has a structure in which the islands 31a to 31c
shaped like a regular octagon are electrically connected
by the connecting portions 31d and 31e, and the aper-
tures 9a to 9c are provided in the common electrode 9
corresponding to the islands 31a to 31c. Therefore, the
tilting direction of liquid crystal molecules is properly con-
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trolled when an electric field is applied, and a display with
a superior viewing-angle characteristic is possible. The
alignment control effect will be described below.

[0072] First, in a state in which an electric field is not
applied between the common electrode 9 and the pixel
electrode 31 (when a voltage is not applied), liquid crystal
molecules in the liquid crystal layer 50 are aligned per-
pendicularly to the substrate surface. When a voltage is
applied between the electrodes 9 and 31, liquid crystal
molecules disposed in the planar region of the island 31a
are tilted in a direction perpendicular in the planar direc-
tiontothe edge of the island 31a (toward the planar center
of the island 31a) by an oblique electric field generated
at the edge, and peripheral liquid crystal molecules are
tilted in the same direction to conform to the alignment
state at the edge of the island 31a. As a result, the liquid
crystal molecules in the planar region of the island 31a
are oriented toward the center of the regularly octagonal
island 31a when the voltage is applied.

[0073] Inthisembodiment, the aperture 9a of a circular
shape in plan view is provided at almost the center of the
planar region of the island 31a. Therefore, an alignment
control effect similar to that at the edge of the island 31a
is also caused on the side of the common electrode 9,
and liquid crystal molecules are oriented radially in plan
view around the aperture 9a.

[0074] In this way, in the liquid crystal display device
100 of this embodiment, a liquid crystal domain, in which
liquid crystal molecules are oriented radially in plan view
in the planar region of the island 31a, is produced by an
oblique electric field generated at the peripheral edge of
theisland 31a and around the aperture 9awhen a voltage
is applied. A liquid crystal domain in which molecules are
oriented radially in plan view is also produced in the pla-
nar regions of the islands 31b and 31c by an alignment
control effect similar to that in the island 31a.

[0075] In the liquid crystal display device 100 of this
embodiment, by the above effect, the liquid crystal do-
mains in which molecules are oriented radially in plan
view are arranged in the dot regions D1 to D3 when a
voltage is applied, and a uniform viewing-angle charac-
teristic can be obtained in all directions by the liquid crys-
tal domains. Moreover, since disclination caused at the
centers of the liquid crystal domains is fixed at the islands
3l1a to 31c, unevenness like stains is not caused when
the panel is viewed from an oblique direction.

[0076] Therefore, the liquid crystal display device 100
of this embodiment can perform a high-quality display
with an extremely wide viewing angle.

[0077] Since the alignment states of liquid crystal in
the islands 31a to 31c are controlled by the edges of the
islands 31a to 31c and by the apertures 9a to 9c of the
common electrode 9 provided corresponding to the is-
lands 31a to 31c, as described above, even when the
planar areas of the islands 31a to 31c in the dot region
are increased, the alignment states of the liquid crystal
can be controlled properly. More specifically, according
to this embodiment, the alignment can be stabilized even
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when the islands 31a to 31c are relatively large, that is,
have a diameter of approximately 40 pm to 50 pm.
[0078] In this embodiment, the planar shape of the is-
lands 31a to 31c is regularly octagonal, it is not limited
to such a shape, and may be, for example, any of a cir-
cular shape, an elliptical shape, and a polygonal shape.
Thatis, the islands 31ato 31c may have any planar shape
that can form a liquid crystal domain in the planar region
in which the liquid crystal molecules are substantially ra-
dially oriented when a voltage is applied.

[0079] Itis preferable that the connecting portions 31d
and 31e be thinner than the islands 31a to 31c. Since
the islands 31a to 31c have a function of controlling the
tilting direction of the liquid crystal molecules by oblique
electric fields generated at the edges thereof, in order to
stably obtain such an alignment control force, it is pref-
erable that the ratio of the edges surrounding the planar
centers of the islands be increased by reducing the widths
of the connecting portions 31d and 31e.

[0080] Such a structure also can increase the re-
sponse speed of the liquid crystal.

[0081] In the liquid crystal display device 100 of this
embodiment, the thickness of the liquid crystal layer 50
in the reflective display region R can be made almost half
the thickness in the transmissive display region T by the
insulating film 26 provided in the reflective display region
R. Therefore, the retardation of the liquid crystal layer in
the reflective display region R can be made substantially
equal to the retardation of the liquid crystal layer in the
transmissive display region T. Consequently, the same
electrooptic characteristic can be ensured in both the re-
gions, and the display contrast can be enhanced.
[0082] In addition, by adopting the above multigap
structure, the boundary sloping area N provided in the
dot region is disposed right below the connecting portion
31d extending between the island 31a in the reflective
display region R and the island 31b in the transmissive
display region T, and therefore, the quality can be effec-
tively prevented from being reduced. That is, when an
electrode is provided in the boundary sloping area N,
liquid crystal molecules are aligned at an angle to the
substrate surface, and therefore, a weak alignment con-
trol force acts on the liquid crystal molecules when a volt-
age is applied. If the pixel structure is designed in disre-
gard of the weak alignment control force, the alignment
oftheliquid crystal may be disturbed. Jisakiin Non-Patent
document 1 introduced above controlled the alignment
by positively utilizing the weak alignment control force.
In the liquid crystal display device of this embodiment,
the electrode on the boundary sloping area N is mini-
mized so that the weak alignment control force is re-
moved, and conversely, a strong alignment control force
generated by the oblique electric fields at the edges of
the islands 31a and 31b becomes dominant. As a result,
a proper display is possible in both the reflective display
region R and the transmissive display region T.

[0083] In this way, in the liquid crystal display device
ofthis embodiment, the tilting direction of the liquid crystal
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moleculesinthe liquid crystal layer in a vertical alignment
mode can be properly controlled by the shape of the pixel
electrode 31 in the upper substrate 25 and the apertures
9a to 9c provided in the common electrode 9, and the
display quality can be effectively prevented from being
reduced by the boundary sloping area N formed in the
multigap structure. Accordingly, problems in display
quality, such as unevenness like stains and image stick-
ing, are not caused, and high-contrast reflective and
transmissive display with a wide viewing angle can be
achieved.

[0084] While the three islands 31a to 31c are linearly
arranged in each of the dot regions D1 to D3 in the above
embodiment, when the dot pitch is increased, it is some-
times better to increase the number of islands that con-
stitute the pixel electrode 31. In this case, in the liquid
crystal display device of this embodiment, each of the
reflective display region and the transmissive display re-
gion is defined by an integral number of island, and the
boundary sloping area N on the boundary between the
regions that are different in the thickness of the liquid
crystal layer is provided between the islands. For exam-
ple, in a case in which 6x2 (twelve) islands are arranged
in a dot region, six of the islands are allocated to the
reflective display region, and the remaining six islands
are allocated to the transmissive display region. A region
between the islands disposed in the reflective display
region and the islands disposed in the transmissive dis-
play region is disposed right above the boundary sloping
area N.

[0085] While the substantially circular apertures 9a to
9c are provided as the alignment control means in the
common electrode 9 in the above embodiment, dielectric
protrusions may be provided as the alignment control
means on the common electrode 9. In this case, an effect
of controlling the tilting direction of liquid crystal mole-
cules during the voltage application can be obtained, al-
though the effect is different from the effect of the aper-
tures 9a to 9c. Alternatively, both the apertures and the
dielectric protrusions may be provided in the dot region.
When dielectric protrusions have the same planar area
as that of apertures, they have, in general, an alignment
control force stronger than that of the apertures. There-
fore, for example, it is preferable that apertures be pro-
vided in the reflective display region R in which the liquid
crystal layer is thin, and dielectric protrusions be provided
in the transmissive display region T in which the liquid
crystal layer is thick. Dielectric protrusions may be pro-
vided inside the apertures 9a to 9c.

(Second Embodiment)

[0086] Next, aliquid crystal display device of a second
embodiment will be described with reference to the draw-
ing. Fig. 4 is a view showing the planar structure of a
pixel region in the liquid crystal display device of this em-
bodiment, and corresponds to Fig. 3(a) for the first em-
bodiment. A liquid crystal display device 200 of this em-
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bodiment is a multigap transflective vertically aligned lig-
uid crystal display device having a configuration similar
to that of the liquid crystal display device 100 shown in
Figs. 3(a) and 3(b), except in pixel electrodes 32 having
adifferentplanar shape. Therefore, in Fig. 4, components
denoted by the same reference numerals as those in
Figs. 3(a) and 3(b) are considered as similar compo-
nents, and a description thereof is omitted.

[0087] As shown in Fig. 4, in the liquid crystal display
device 200 of this embodiment, a pixel electrode 32 that
is different in planar shape from that in the liquid crystal
display device 100 shown in Figs. 3(a) and 3(b) is pro-
vided in each of dot regions D1 to D3.

[0088] The pixel electrode 32 is made of a transparent
conductive material such as ITO, and includes, in the dot
region, islands 32a to 32c arranged in the extending di-
rection of a scanning line 13 and shaped like a regular
octagon in plan view, and connecting portions 32d and
32e extending in the direction of the scanning line 13 to
electrically connect the islands 32a to 32c. The connect-
ing portions 32d and 32e connect the corners of the is-
lands 32ato 32c shaped like a regular octagon. A bound-
ary sloping area N is disposed right below the connecting
portion 32d that connects the island 32a provided in a
reflective display region R and the island 32b provided
in a transmissive display region T.

[0089] In the liquid crystal display device 200 of this
embodiment having the above configuration, the islands
32a to 32c are electrically connected by the connecting
portions 32d and 32e extending from the corners of the
islands, and the connecting portion 32d is disposed right
above the boundary sloping area N. Therefore, display
quality can be prevented from being reduced by the align-
ment error between substrates 10 and 25 during panel
assembly, and ease of production is increased. That is,
the connecting portion 32d is designed to be placed
above the boundary sloping area N, and display quality
similar to that in the above first embodiment is ensured
when the panel assembly is performed as designed.
However, for example, when the substrate 10 and the
substrate 25 are improperly aligned with each other in
the lateral direction in the figure during panel assembly,
and the island 32a or 32b overlaps with the boundary
sloping area N, since the corner of the regular octagon
overlaps with the boundary sloping area N in the liquid
crystal display device 200, an overlapping portion be-
tween the boundary sloping area N and the island can
be reduced, and disturbance of the alignment in the is-
lands 32a and 32b due to the boundary sloping area N
can be reduced, compared with the liquid crystal display
device 100 of the first embodiment.

[0090] In the liquid crystal display device 200 of this
embodiment, even when alignment disturbance or dis-
clination occurs at the connections between the islands
32ato 32c and the connecting portions 32d and 32e, the
influence of such alignment disturbance on the display
quality can be reduced. That is, since the edges of the
islands 32a and 32b close to the connecting portion 32d
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are tapered toward the connecting portion 32d, liquid
crystal molecules are oriented while tilting from both
sides toward lines, which link the corners and apertures
9a and 9b, because of an alignment control force of ob-
lique electric fields during the voltage application. There-
fore, even when the disclination occurs near the connec-
tions between the connecting portion 32d and the islands
32a and 32b, it is smoothly shifted from the islands 32a
and 32b toward the connecting portion 32d or the aper-
tures 9a and 9b because of the above-described align-
ment effect, and proper alignment can be maintained in
the islands 32a and 32b.

[0091] While the connecting portions 32d and 32e ex-
tend from the corners of the islands 32a to 32c shaped
like a polygon in plan view in this embodiment, when
islands have an arbitrary shape other than the polygon
in plan view, electrodes are also shaped in a substantially
tapered form from the islands toward the connecting por-
tions in the area in which the islands and the connecting
portions are connected. In this case, even when position-
ing error is caused during the panel assembly process,
overlapping between the planar area of the island and
the boundary sloping area N can be minimized, and the
display quality can be effectively prevented from being
reduced by the boundary sloping area N. If disclination
occurs, it can be shifted to the connecting portion or the
aperture by the planar shape of the islands, and the in-
fluence on the display can be reduced.

(Third Embodiment)

[0092] Next, a liquid crystal display device of a third
embodiment will be described with reference to the draw-
ing. Fig. 5 is a view showing the planar structure of a
pixel region in the liquid crystal display device of this em-
bodiment, and corresponds to Fig. 3(a) for the first em-
bodiment. A liquid crystal display device 300 of this em-
bodiment is a multigap transflective vertically aligned lig-
uid crystal display device having a configuration similar
to that of the liquid crystal display device 100 shown in
Figs. 3(a) and 3(b), mainly except in an area in which a
reflective film for reflective display is provided. Therefore,
in Fig. 5, components denoted by the same reference
numerals as those in Figs. 3(a) and 3(b) are considered
as similar components, and a description thereof is omit-
ted.

[0093] In the liquid crystal display device 300 of this
embodiment, a reflective film 220 having a planar shape
different from that in the liquid crystal display device 100
shown in Figs. 3(a) and 3(b) is provided in each of dot
regions D1 to D3, as shown in Fig. 5.

[0094] The reflective film 220 is made of a metal film
of aluminum, silver, or the like, and is provided in the dot
region except for islands 31b and 31c that define a trans-
missive display region T, of islands 31a to 31c and con-
necting portions 31d and 31e that constitute a pixel elec-
trode 31. A portion of the reflective film 220 that is placed
ontheisland 31ais not shown for easy view of the figure.
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Since the reflective film 220 can function as a light shield-
ing film by thus extending in the dot region outside the
transmissive display region T, the contrast of transmis-
sive display can be increased.

[0095] Since the liquid crystal display device of the
present invention is a vertically aligned liquid crystal dis-
play device, in a case in which black display is performed
in a state in which a voltage is not applied (normally
black), liquid crystal molecules are kept aligned perpen-
dicularly to the substrates, regardless of the voltage ap-
plication state, in an area in which electrodes opposing
with a liquid crystal layer therebetween are not provided.
Therefore, such areflective film 220 functioning as a light
shielding film is actually unnecessary.

[0096] However, in actuality, the liquid crystal mole-
cules tilt in the boundary sloping area N, and the liquid
crystal alignment is disturbed by oblique electric fields at
the edges of the islands 31ato 31c and the accumulation
of charges in the area having no electrode, which may
cause lightleakage. Accordingly, by providing the reflect-
ing film 220 functioning as a light shielding film in a non-
display region, as in this embodiment, such light leakage
can be prevented, and a high-contrast transmissive dis-
play can be performed.

[0097] Since an insulating film 24 for giving irregulari-
ties to the reflective film 220 is not provided outside the
planar region of the island 31a (that is, the reflective dis-
play region R), even when external light is reflected by
the reflective film 220 provided outside the islands 31a
to 31c (that is, a non-display area in the dot region), the
light is not reflected toward an observer. Therefore, the
light has little influence on the display quality.

[0098] While color filters 22B, 22G, and 22R are pro-
vided, respectively, in the dot regions D1 to D3 in this
embodiment, a color filter of a color other than the display
colorsinthe dotregions may be placed outside the planar
regions of the islands 31 in the area in which the reflective
film 220 is provided (that is, the non-display areas in the
dotregions). In such a structure, lightincident on the non-
display regions of the dot regions D1 to D3 is absorbed
by the superimposed color filter, and is also absorbed
after being reflected by the reflective film 220. Therefore,
such light incident on the non-display regions rarely re-
turns to the incident side, and a higher-contrast reflective
display can be performed. Since such a color filter can
be superimposed with comparative ease when the color
filters 22R, 22G, and 22B are patterned in the dot regions,
problems in the production process, such as an increase
of the number of man hours, will hardly occur.

[0099] While the reflective film 220 is also provided in
the planar regions of the connecting portions 31d and
3le in this embodiment, it may not be provided in the
connecting portions 31d and 31e.

[0100] However, when the connecting portion 31d is
shielded by the reflective film 220, a section subjected
to display failure due to alignment disturbance at the con-
necting portion 31d placed above the boundary sloping
area N can be shielded, a high-contrast display is possi-
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ble, and the reflective film 220 can be patterned easily.
(Fourth Embodiment)

[0101] Next, a liquid crystal display device of a fourth
embodiment will be described with reference to the draw-
ing. Fig. 6 is a view showing the planar structure of a
pixel region in the liquid crystal display device of this em-
bodiment, and corresponds to Fig. 3(a) for the first em-
bodiment. A liquid crystal display device 400 of this em-
bodimentis a multigap vertically-aligned transflective lig-
uid crystal display device having a configuration similar
to that of the liquid crystal display device 100 shown in
Figs. 3(a) and 3(b), except in pixel electrodes 33 having
adifferentplanar shape. Therefore, in Fig. 6, components
denoted by the same reference numerals as those in Fig.
3 are considered as similar components, and a descrip-
tion thereof is omitted.

[0102] As shown in Fig. 6, in the liquid crystal display
device 400 of this embodiment, pixel electrodes 33 hav-
ing a planar shape different from that in the liquid crystal
display device 100 shown in Figs. 3(a) are provided in
dot regions D1 to D3.

[0103] Each pixelelectrode 33is made of atransparent
conductive material such as ITO, and includes, in a dot
region, islands 33a to 33c arranged in the extending di-
rection of a scanning line 13 and shaped like an octagon
in plan view, and connecting portions 33d and 33e ex-
tending in the direction of the scanning line 13 to electri-
cally connect the islands 33a to 33c. The connecting por-
tions 33d and 33e extend from the adjoining edges of the
octagonal islands 33a to 33c, thereby connecting the is-
lands 33ato 33c. A boundary sloping area N is disposed
right below the connecting portion 33d that connects the
island 33a disposed in a reflective display region R and
the island 33b disposed in a transmissive display region
T.

[0104] As shown in Fig. 6, the island 33a that defines
the reflective display region R has a planar area larger
than those of the islands 33b and 33c arranged to define
the transmissive display region T. Apertures 9ato 9c pro-
vided in a common electrode 9 corresponding to the is-
lands 33a to 33c are equal in planar shape and size.
[0105] In a transflective liquid crystal display device,
required display properties sometime vary according to
application of an electronic apparatus in which the liquid
crystal display device is mounted. In such a case, the
display areas of the reflective display region R and the
transmissive display region T can be adjusted and the
display properties of reflective display and transmissive
display can be adjusted by making the island 33a in the
reflective display region R relatively large, as in the liquid
crystal display device 400 of this embodiment.

[0106] In the reflective display region R, the thickness
of a liquid crystal layer 50 is relatively small because of
the multigap structure, and therefore, an alignment con-
trol force at the edge of the island 33a is stronger than
in the islands 33b and 33c in the transmissive display
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region T. Accordingly, even when the planar area of the
island 33a is relatively large, the alignment state of the
liquid crystal can be properly controlled by the alignment
control effect at the edge of the island. Moreover, since
the response of the liquid crystal molecules will not be-
come slower than in the transmissive display region T,
high-quality display can be performed without causing
unevenness like stains and image sticking.

[0107] Therefore, the liquid crystal display device 400
of this embodiment can adjust reflective display and
transmissive display according to the application without
reducing the display quality, and is generally applicable
as a display in various electronic apparatuses.

(Fifth Embodiment)

[0108] Next, a liquid crystal display device of a fifth
embodiment will be described with reference to the draw-
ing. Fig. 7 is a view showing the planar structure of a
pixel region in the liquid crystal display device of this em-
bodiment, and corresponds to Fig. 3(a) for the first em-
bodiment. A liquid crystal display device 500 of this em-
bodimentis a multigap vertically-aligned transflective lig-
uid crystal display device having a configuration similar
to that of the liquid crystal display device 100 shown in
Figs. 3(a) ad 3(b), except in the structure of a color filter
provided in each dot region. Therefore, in Fig. 7, compo-
nents denoted by the same reference numerals as those
in Figs. 3(a) and 3(b) are considered as similar compo-
nents, and a description thereof is omitted.

[0109] As shown in Fig. 7, color filters 222B, 222G,
and 222R having a planar shape different from that in
the liquid crystal display device 100 shown in Fig. 3(a)
are provided, respectively, in dot regions D1 to D3 in the
liquid crystal display device 500 of this embodiment. In
order for the figure to be easily viewed, a reflective films
20 in a reflective display region R (a planar region of an
island 31a) and irregularities provided on the reflective
film 20 in the same region are not shown.

[0110] The color filters 222R, 222G, and 222B respec-
tively have openings 22r, 22g, and 22b shaped like a
circle in plan view and disposed in the planar regions of
islands 31a in pixel electrodes 31. These openings 22r,
229, and 22b are concentric with apertures 9a provided
in a common electrode 9.

[0111] In the liquid crystal display device 500 having
the above-described configuration, portions having no
color filter (openings 22r, 22g, and 22b) are provided in
the reflective display regions R. Consequently, it is pos-
sible to establish harmony of the chromaticity with the
transmissive display region T, to increase the brightness
of the reflective display, and to perform both the reflective
display and transmissive display of high quality in which
the luminance and chromaticity are well-balanced.
[0112] As shown in Fig. 7, the rims of the openings
22r, 22g, and 22b are separate from the edges of the
islands 31a, and also from boundary sloping areas N.
Since alignment disturbance is prone to occur at the edg-
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es of the islands 31a and in the boundary sloping areas
N because of an oblique electric field generated by the
application of a voltage, a decrease in display contrast
and image sticking resulting from the alignment distur-
bance are made less visible by providing the color filters
222R, 222G, and 222B in those portions. Consequently,
the brightness in the reflective display region R can be
increased without a substantial reduction in display qual-
ity.

[0113] Asshown in Fig. 7, the openings 22r, 22g, and
22b have different planar areas in the color filters 222R,
222G, and 222B. More specifically, the openings 22r,
22g, and 22b have different sizes corresponding to the
luminosities for the display colors. The opening 22g of
the green color filter 222G is the largest, and the opening
22b of the blue color filter 222B is the smallest. By thus
making the sizes of the openings 22r, 229, and 22b dif-
ferent corresponding to the colors, the color balance of
the reflective display can be easily adjusted independ-
ently of the transmissive display, and the display quality
can be improved further.

[0114] While the planar shape of the openings 22r,
22g, and 22b of the color filters is circular in this embod-
iment, it is not limited to the circular shape. For example,
a ring-shaped opening may be provided so that a color
filter remains corresponding to the aperture 9a, and the
planar shape may be regularly octagonal in conformity
to the outline of the island 31a.

(Sixth Embodiment)

[0115] Next, a liquid crystal display device of a sixth
embodiment will be described with reference to the draw-
ing. Fig. 8 is a view showing the planar structure of a
pixel region in the liquid crystal display device of this em-
bodiment, and corresponds to Fig. 3(a) for the first em-
bodiment. A liquid crystal display device 600 of this em-
bodiment is a multigap vertically-aligned transflective lig-
uid crystal display device having a configuration similar
to that of the liquid crystal display device 100 shown in
Figs. 3(a) and 3(b), except in the structure of apertures
provided in a common electrode 9 to define alignment
control means. Therefore, in Fig. 8, components denoted
by the same reference numerals as those in Figs. 3(a)
and 3(b) are considered as similar components, and a
description thereof is omitted.

[0116] As shown in Fig. 8, in the liquid crystal display
device 600 of this embodiment, apertures 19a having a
size different from that in the liquid crystal display device
100 shown in Fig. 3(a) are provided in the common elec-
trode 9. While the apertures 19a, 9b, and 9c are formed
by cutting circles from the common electrodes 9 corre-
sponding to almost the centers of islands 31a to 3lc,
protrusions made of a dielectric material may be provided
at the same positions.

[0117] The islands 31a to 31c that define each pixel
electrode 31 are substantially equal in size and shape
between a reflective display region R and a transmissive
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display region T.

[0118] As described in the fourth embodiment, the lig-
uid crystal display device of the present invention has a
multigap structure, and the thickness of a liquid crystal
layer 50 in the reflective display region R is smaller than
in the transmissive display region T. Therefore, an align-
ment control force of an oblique electric field for the liquid
crystal in the reflective display region R is stronger than
in the transmissive display region T. As long as the ap-
ertures provided in the common electrode 9 have the
same size, the aperture in the reflective display region R
have an alignment control force stronger than at the ap-
ertures 9b and 9c in the transmissive display region T.
Accordingly, in this embodiment, the apertures 19a
smaller than the apertures 9b and 9c in the transmissive
display region T are provided in the reflective display re-
gion R, thereby increasing the aperture ratio of the re-
flective display region R and achieving a bright reflective
display while ensuring an alignment control force equiv-
alent to that in the transmissive display region T.

[0119] This also applies to a case in which the above-
described dielectric protrusions are used as the align-
ment control means, instead of the apertures 19a, 9b,
and 9c. In this case, the size and/or height of dielectric
protrusions provided in the reflective display region R is
set to be smaller than the size and/or height of dielectric
protrusions provided in the transmissive display region T.

(Seventh Embodiment)

[0120] Next, aliquid crystal display device of a seventh
embodiment will be described with reference to the draw-
ing. Fig. 9 is a view showing the planar structure of a
pixel region in the liquid crystal display device of this em-
bodiment, and corresponds to Fig. 3(a) for the first em-
bodiment. A liquid crystal display device 700 of this em-
bodimentis a multigap vertically-aligned transflective lig-
uid crystal display device having a configuration similar
to that of the liquid crystal display device 100 shown in
Figs. 3(a) and 3(b), except in pixel electrodes 34 having
adifferentplanar shape. Therefore, in Fig. 9, components
denoted by the same reference numerals as those in
Figs. 3(a) and 3(b) are considered as similar compo-
nents, and a description thereof is omitted.

[0121] As shown in Fig. 9, in the liquid crystal display
device 700 of this embodiment, pixel electrodes 34 hav-
ing a planar shape different from that in the liquid crystal
display device 100 shown in Fig. 3(a) are provided in dot
regions D1 to D3.

[0122] Each pixelelectrode 34 is made of atransparent
conductive material such as ITO, and includes, in a dot
region, islands 34a to 34c arranged in the extending di-
rections of a scanning line 13 and shaped like an octagon
in plan view, and connecting portions 34d and 34e ex-
tending in the direction of the scanning line 13 to electri-
cally connect the islands 34ato 34c. The connecting por-
tions 34d and 34e extend from the adjoining edges of the
octagonal islands 34a to 34c, thereby connecting the is-
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lands 34ato 34c. A boundary sloping area N is disposed
right below the connecting portion 34d that connects the
island 34a disposed in a reflective display region R and
the island 34b disposed in a transmissive display region
T.

[0123] The liquid crystal display device 700 of this em-
bodiment is characterized in that the planar distance be-
tween a scanning line 13 extending along the long side
of each of the dot regions D1 to D3, and the islands 34a
to 34c differs between the reflective display region R and
the transmissive display region T. That is, the distance
dr between the island 34a in the reflective display region
R and the scanning line 13 is shorter than the distance
dt between the islands 34b and 34c in the transmissive
display region T and the scanning line 13.

[0124] An oblique electric field is generated near a
scanning line 13 (signal line) extending along the side of
each of the dot regions D1 to D3, depending on the po-
tential, and this sometimes disturbs the tilting direction
of the vertically aligned liquid crystal. Therefore, itis pref-
erable that the islands 34a to 34c in the pixel electrode
34 be disposed at a certain distance from the scanning
line 13. However, when the distance between the scan-
ning line 13 and the pixel electrode 34 is increased, the
aperture ratio of the dot regions D1 to D3 decreases, and
the display becomes dark.

[0125] Accordingly, in this embodiment, as described
in the above fourth embodiment, the distance between
the islands 34b and 34c and the scanning line 13 is long
in the transmissive display region T in which the align-
ment control force at the edges of the islands is relatively
weak because of a thick liquid crystal layer, and con-
versely, the distance between the island 34a and the
scanning line 13 is small in the reflective display region
R in which the liquid crystal layer is thin and an alignment
control force by an oblique electric field generated at the
edge of the island 34a is strong.

[0126] Inthis case, the distance between the scanning
line and the island can be optimized in both the reflective
region R and the transmissive region T, and the aperture
ratio of the dot regions can be maximized while reducing
the influence of the oblique electric field at the scanning
line 13 onthe display. Therefore, the liquid crystal display
device 700 of this embodiment makes it possible to per-
form a high-quality, bright display without causing une-
venness like stains and image sticking.

[0127] While the pixel-switching elements are TFDs in
this embodiment, in a case in which the above-described
configuration is applied to a liquid crystal display device
having TFTs (thin-film transistors) as the pixel-switching
elements, the islands 34b and 34c in the transmissive
display region T are disposed at a longer distance from
both a scanning line and a data line crossing each other
than the island 34a in the reflective display region R.
[0128] While the pixel electrode 34 has a planar shape
in which a plurality of islands 34a to 34c are connected
by the connecting portions 34d and 34e in this embodi-
ment, the positional relationship between the pixel elec-
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trode and the signal line, which characterizes this em-
bodiment, provides the advantages, regardless of the
shape of the pixel electrode. That is, in a liquid crystal
display device having a substantially rectangular pixel
electrode in plan view, the planar shape of the pixel elec-
trode and the routing manner of the signal line (scanning
line 13) are changed so that the planar distance between
the pixel electrode in the transmissive display region T
and the signal line is longer than the distance between
the pixel electrode and the signal line in the reflective
display region R. This also provides the operational ad-
vantages of the above embodiment, and achieves a high-
quality display, in which unevenness like stains and a
reduction in brightness are not caused by alignment dis-
turbance, in both the reflective display region and the
transmissive display region.

(Eighth Embodiment)

[0129] Next, aliquid crystal display device of an eighth
embodiment will be described with reference to the draw-
ing. Fig. 10 is a view showing the planar structure of a
pixel region in the liquid crystal display device of this em-
bodiment, and corresponds to Fig. 3(a) for the first em-
bodiment. A liquid crystal display device 800 of this em-
bodimentis a multigap transflective vertically aligned lig-
uid crystal display device having a configuration similar
to that of the liquid crystal display device 100 shown in
Figs. 3(a) and 3(b), except in the extending directions of
acommon electrode 9 and a scanning line 13 with respect
to a pixel electrode. Therefore, in Fig. 10, components
denoted by the same reference numerals as those in
Figs. 3(a) and 3(b) are considered as similar compo-
nents, and a description thereof is omitted.

[0130] As shown in Fig. 10, each of dot regions D1 to
D3 in the liquid crystal display device 800 of this embod-
iment has a pixel electrode 31 including a plurality of is-
lands 31ato 31c arranged in the direction of the long side
of the dot region, and connecting portions 31d and 31e
for connecting theislands. ATFD 40 connected to a scan-
ning line 130 extending in the direction of the short side
of the dot region (up-down direction in the figure) is con-
nected to the pixel electrode 31. Common electrodes 9
extending in the direction of the long sides of the dot
regions D1 to D3 are arranged in stripes in plan view.
Each common electrode 9 has apertures 9a to 9c, and
the apertures 9a to 9c are positioned corresponding to
the planar centers of the islands 31a to 31c in the pixel
electrode 31.

[0131] In the liquid crystal display device 800 having
the above configuration, since the scanning line 13 is
disposed along the short sides of the dot regions D1 to
D3, the areas in which oblique electric fields are gener-
ated near the scanning line 13 can be made narrower
than the dot regions D1 to D3. Therefore, even when a
sufficiently long distance is formed between the scanning
line 13 and the islands 31a and 31c adjacent to the scan-
ning line 13, the aperture ratios of the dot regions D1 to
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D3 are not substantially reduced, and can be made high
in both the reflective display region R and the transmis-
sive display region T. Accordingly, the liquid crystal dis-
play device 800 of this embodiment makes it possible to
prevent unevenness like stains, image sticking, and the
like resulting from orientation disturbance due to the
scanning line 13, and to achieve a bright display.
[0132] The technical scope of the present invention is
not limited to the above-described embodiments, and
various modifications are possible without departing from
the scope of the present invention. For example, while
the insulating film 26 for the multigap structure is provided
in the lower substrate 10 in the above embodiments, it
may be provided on the side of the upper substrate 25
close to the liquid crystal layer 50. Furthermore, insulat-
ing films may be provided at opposing positions in the
lower substrate 10 and the upper substrate 25 in order
to adjust the thickness of the liquid crystal layer in the
reflective display region.

[0133] Whiletheislands 31ato 31c are electrically con-
nected to the pixel electrodes 31 of the upper substrate
25 in the above embodiments, such a structure may be
applied to the common electrodes 9. In this case, a com-
mon electrode in each dot region includes a plurality of
islands electrically connected to one another, and the
islands are electrically connected over a plurality of dot
regions.

[0134] Intheliquid crystal display devices of the above
embodiments, the liquid crystal layer 50 may be com-
posed of chiral-doped homeotropic liquid crystal. In this
case, by the application of a voltage, liquid crystal do-
mains, in which liquid crystal molecules are oriented in
a radial and spiral form in plan view around the apertures
9a to 9c, are formed in the planar regions of the islands
3la to 31c. By forming such liquid crystal domains in
which the liquid crystal molecules are spirally oriented,
even when display is performed by causing linearly po-
larized light to enter the liquid crystal layer 50, the lumi-
nance rarely varies in the dot regions, and a bright display
can be performed.

(Electronic Apparatuses)

[0135] Fig. 11 is a perspective view of an example of
an electronic apparatus according to the present inven-
tion. A portable telephone 1300 shown in this figure in-
cludes adisplay device of the presentinventionas asmall
display 1301, and also includes a plurality of control but-
tons 1302, an earpiece 1303, and a mouthpiece 1304.

[0136] The display devices of the above embodiments
are suitably used as image display means not only in the
above portable telephone, but also in, for example, an
electronic book, a personal computer, a digital still cam-
era, a liquid crystal television, a viewfinder or monitor-
view video tape recorder, a car navigation system, a pag-
er, an electronic pocketbook, an electronic desktop cal-
culator, a word processor, a workstation, a picture tele-
phone, a POS terminal, and a device having a touch pan-
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el. In any of the electronic apparatuses, bright, high-con-
trast transmissive/reflective display is possible with a
wide viewing angle.

Claims
1. Aliquid crystal display device (100) comprising:

apair of substrates (10, 25) each having an elec-
trode (9, 31) on one side; and

a liquid crystal layer (50) disposed between the
substrates (10, 25) with the electrodes (9, 31)
therebetween, the substrates (10, 25) and the
electrodes (9, 31) defining dot regions, a dot re-
gion being the smallest display unit of the display
device (100),

wherein each of the dot regions includes a trans-
missive display region (T) for transmissive dis-
play and a reflective display region (R) for re-
flective display,

wherein the liquid crystal layer (50) contains
homeotropic liquid crystal, and the thickness
thereof differs between the transmissive display
region (T) and the reflective display region (R),
wherein a boundary sloping area (N) is provided
on the inner side of one of the substrates (10,
25) to make the thickness of the liquid crystal
layer (50) different between the transmissive
display region (T) and the reflective display re-
gion (R),

characterized in that at least one of the elec-
trodes (9, 31) of the substrates (10, 25) includes,
in the dot region, a plurality of islands (31a-31c)
and a connecting portion (31 d, 31 e) for electri-
cally connecting adjoiningislands (31a-31c), the
connecting portion (31d, 31e) being thinner than
the adjoiningislands (31a-31c)inadirection par-
allel to one of the substrates (10, 25) and per-
pendicular to the direction of separation of the
adjoiningislands (31a-31c), wherein the number
of islands (31a-31c) in each of the transmissive
display region (T) and the reflective display re-
gion (R) is an integer, including one,

wherein the connecting portion (31d, 31e) of the
electrode (31) is disposed in the region which
overlaps with the boundary sloping area (N),
when seen in a direction perpendicular to one
of the substrates (10, 25), and

wherein the transmissive display region s larger
than the reflective display region.

2. A liquid crystal display device (100) according to
claim 1, wherein the islands (31a-31c) have almost
the same planar shape in the reflective display region
(R) and the transmissive display region (T).

3. A liquid crystal display device (100) according to
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10.

11.

12.

claim 1 or 2, wherein alignment control means (9a-
9c) are provided in the planar regions of the islands
(31a-31c) to control an alignment state of the liquid
crystal when a voltage is applied.

A liquid crystal display device (100) according to
claim 3, wherein the alignment control means (9a-
9c) are provided at almost the centers of the planar
regions of the islands (31a-31c).

A liquid crystal display device (100) according to
claim 3 or 4, wherein the alignment control means
(9a-9c) are provided corresponding to the islands
(31a-31c)inthe dot region, and an alignment control
means (9a) corresponding to an island (31a) dis-
posed in the reflective display region (R) has a planar
area smaller than that of an alignment control means
(9b, 9c) disposed in the transmissive display region

M.

Aliquid crystal display device (100) according to any
one of claims 3 to 5, wherein the alignment control
means (9a-9c) are apertures provided in an elec-
trode (9) opposing the islands (31a-31c) with the lig-
uid crystal layer (50) therebetween, or protrusions
made of an insulating material and provided on the
electrode (9).

Aliquid crystal display device (100) according to any
one of claims 1 to 6, wherein the islands (31a-31c)
are shaped like a circle or a regular polygon in plan
view.

A liquid crystal display device (100) according to any
one of claims 1 to 7, wherein the planar shape of
portions of the electrode (31) at connections be-
tween the islands (31a-31c) and the connecting por-
tion (31d, 31e) is tapered from the islands (31a-31c)
toward the connecting portion (31d, 31e).

A liquid crystal display device (100) according to any
one of claims 1 to 8, wherein the connecting portion
(31d, 31e) extends from outwardly projecting edges
or corners of the islands (31a-31c) in plan view.

Aliquid crystal display device (100) according to any
one of claims 1 to 9, wherein a reflective film (20) is
provided in a portion of the dot region including the
reflective display region (R), and the reflective film
(20) coversthe dotregion except for the transmissive
display region (T).

A liquid crystal display device (100) according to
claim 10, wherein the reflective film (20) covers the
dot region except for a planar region of an island
disposed in the transmissive display region (T).

Aliquid crystal display device (100) according to any



13.

14.

15.

16.

17.

18.

31
one of claims 1 to 11, further comprising:

a plurality of color filters (22R, 22G, 22B) of dif-
ferent colors provided corresponding to the dot
regions,

wherein atleasttwo of the colorfilters (22R, 22G,
22B) overlap with each other in each of the dot
regions except for the islands (31a-31c).

A liquid crystal display device (100) according to any
one of claims | to 12, wherein a color filter (22R, 22G,
22B) is provided on a side of at least one of the sub-
strates (10, 25), the side close to the liquid crystal
layer (50), and has an opening (22r, 22g, 22b) in a
planar region of an island (31a) disposed in the re-
flective display region (R), and the opening (22r, 22g,
22b) is provided two-dimensionally apart from the
boundary sloping area (N) and the periphery of the
island (31a).

A liquid crystal display device (100) according to any
one of claims 1 to 13, wherein an island (31a) dis-
posed inthe reflective display region (R) has a planar
area larger than that ofanisland (31 b, 31c) disposed
in the transmissive display region (T).

A liquid crystal display device (100) according to any
one of claims 1 to 14, wherein a signal line (13) for
supplying an electric signal to the electrode (31) in
the dot region extends along the edge of the dot re-
gion, and an island (31b, 31c) disposed in the trans-
missive display region (T) is disposed more apart
from the signal line (13) in plan view than an island
(31a) disposed in the reflective display region (R).

A liquid crystal display device (100) according to
claim 15, wherein a two-tenninal nonlinear element
(40) electrically connected to the signal line (13) and
the electrode (31) is provided corresponding to the
dot region on a surface of one of the substrates (10,
25), the surface close to the liquid crystal layer (50),
and the signal line (13) is provided along the short
side of the dot region.

A liquid crystal display device (100) according to any
one of claims 1 to 16, wherein a switching element
(40) is electrically connected to the electrode (31)
including the islands (31a-31c) and the connecting
portion (31d, 31e), and the reflective film (20) ex-
tends to the switching element (40).

A liquid crystal display device (100) according to any
one of claims 1 to 17, wherein light-scattering means
(24) for scattering reflected light is provided on a side
of the substrate (10) having the reflective film (20),
and the light scattering means (24) is provided in a
planar region of an island disposed in the reflective
display region (R).
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19.

20.

21.

22.

32

A liquid crystal display device (100) according to
claim 1, wherein an island (31a) disposed in the re-
flective display region (R) has a planar area larger
than an island (31b, 31c) disposed in the transmis-
sive display region (T).

A liquid crystal display device (100) according to
claim 1, wherein the electrode (9) includes, in the
planar regions of the islands (31a-31c), alignment
control means (9a-9c¢) for controlling an alignment
state of the liquid crystal when an electric field is
applied, and alignment control means (9a-9c) dis-
posed inthe reflective display region (R) has a planar
area smaller than that of alignment control means
(9a-9c¢) disposed in the transmissive display region

M.

A liquid crystal display device (100) according to
claim 1, wherein:

one of the pair of substrates (10, 25) is a device
substrate (25) including a pixel electrode (31)
and a signal line (13) extending along an edge
of the pixel electrode (31);

the other of the pair of substrates (10, 25) is a
counter substrate (10) having a counter elec-
trode (9) on one side; and

the distance between the pixel electrode (31)
and the signal line (13) in the reflective display
region (R) is shorter than the distance in the
transmissive display region (T).

An electronic apparatus comprising a liquid crystal
display device (100) according to any one of claims
I to 21.

Patentanspriiche

1.

Flussigkristallanzeigevorrichtung (100), umfassend:

ein Paar von Substraten (10, 25) mit jeweils ei-
ner Elektrode (9, 31) an einer Seite; und

eine Flussigkristallschicht (50), die zwischen
den Substraten (10, 25) mit den dazwischen lie-
genden Elektroden (9, 31) angeordnet ist, wobei
die Substrate (10, 25) und die Elektroden (9, 31)
Punktregionen definieren, wobei eine Punktre-
giondie kleinste Anzeigeeinheitder Anzeigevor-
richtung (100) ist,

wobeijede der Punktregionen eine transmissive
Anzeigeregion (T) zur transmissiven Anzeige
und eine reflektive Anzeigeregion (R) zur reflek-
tiven Anzeige enthélt,

wobei die Flussigkristallschicht (50) homdotro-
pen Flussigkristall enthalt und ihre Dicke sich
zwischen der transmissiven Anzeigeregion (T)
und der reflektiven Anzeigeregion (R) unter-
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scheidet,

wobei eine schrage Grenzflache (N) an der In-
nenseite eines der Substrate (10, 25) bereitge-
stellt ist, um die Dikke der Flussigkristallschicht
(50) zwischen der transmissiven Anzeigeregion
(T) und der reflektiven Anzeigeregion (R) unter-
schiedlich zu machen,

dadurch gekennzeichnet, dass mindestens
eine der Elektroden (9, 31) der Substrate (10,
25) in der Punktregion mehrere Inseln (31a -
31c)undeinen Verbindungsabschnitt(31d, 31e)
zum elektrischen Verbinden angrenzender In-
seln (31a- 31c) enthélt, wobei der Verbindungs-
abschnitt (31d, 31e) in eine Richtung parallel zu
einem der Substrate (10, 25) und senkrecht zu
der Trennrichtung der angrenzenden Inseln
(31a - 31c) duinner als die angrenzenden Inseln
(31a- 31c) ist, wobei die Anzahl von Inseln (31a
- 31c) sowohl in der transmissiven Anzeigeregi-
on (T) wie auch in der reflektiven Anzeigeregion
(R) eine ganze Zahl, einschlief3lich Eins, ist,
wobei der Verbindungsabschnitt (31d, 31e) der
Elektrode (31) in der Region angeordnet ist, die
bei Betrachtung in eine Richtung senkrecht zu
einemder Substrate (10, 25) die schrage Grenz-
flache (N) tberlappt, und

wobei die transmissive Anzeigeregion groRRer
als die reflektive Anzeigeregion ist.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 1, wobei die Inseln (31a - 31c) in der reflek-
tiven Anzeigeregion (R) und der transmissiven An-
zeigeregion (T) annadhernd dieselbe planare Form
haben.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 1 oder 2, wobei Ausrichtungssteuermittel (9a
-9c) inden planaren Regionen der Inseln (31a- 31c¢)
bereitgestellt sind, um einen Ausrichtungszustand
des Flussigkristalls zu steuern, wenn eine Spannung
angelegt wird.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 3, wobei die Ausrichtungssteuermittel (9a -
9c) fast an den Mittelpunkten der planaren Regionen
der Inseln (31a - 31c) bereitgestellt sind.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 3 oder 4, wobei die Ausrichtungssteuermittel
(9a - 9c) den Inseln (31a - 31c) entsprechend in der
Punktregion bereitgestellt sind, und ein Ausrich-
tungssteuermittel (9a), das einer Insel (31a) ent-
spricht, die in der reflektiven Anzeigeregion (R) an-
geordnet ist, eine planare Flache aufweist, die klei-
ner als jene eines Ausrichtungssteuermittels (9b, 9c)
ist, das in der transmissiven Anzeigeregion (T) an-
geordnet ist.
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Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriche 3 bis 5, wobei die Ausrichtungssteu-
ermittel (9a - 9¢) Aperturen sind, die in einer Elek-
trode (9) gegeniiber den Inseln (31a - 31c) bereitge-
stellt sind, wéhrend die Flissigkristallschicht (50) da-
zwischen liegt, oder Fortsétze, die aus einem Iso-
liermaterial bestehen und auf der Elektrode (9) be-
reitgestellt sind.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriiche 1 bis 6, wobei die Inseln (31a - 31c)
in der Draufsicht wie ein Kreis oder ein regelmaRiges
Vieleck geformt sind.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriiche 1 bis 7, wobei die planare Form von
Abschnitten der Elektrode (31) an Verbindungen
zwischen den Inseln (31a - 31c) und dem Verbin-
dungsabschnitt (31d, 31e) von den Inseln (31a-31c)
zudem Verbindungsabschnitt (31d, 31e) hin konisch
zulauft.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriiche 1 bis 8, wobei sich der Verbindungs-
abschnitt (31d, 31e) von nach auRen vorstehenden
Kanten oder Ecken der Inseln (31a - 31c) in der
Draufsicht erstreckt.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriiche 1 bis 9, wobei ein reflektiver Film (20)
in einem Abschnitt der Punktregion bereitgestellt ist,
der die reflektive Anzeigeregion (R) enthalt, und der
reflektive Film (20) die Punktregion mit Ausnahme
der transmissiven Anzeigeregion (T) bedeckt.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 10, wobei der reflektive Film (20) die Punkt-
region bedeckt, mit Ausnahme einer planaren Regi-
on einer Insel, die in der transmissiven Anzeigere-
gion (T) angeordnet ist.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriiche 1 bis 11, des Weiteren umfassend:

mehrere Farbfilter (22R, 22G, 22B) verschiede-
ner Farben, die den Punktregionen entspre-
chend bereitgestellt sind,

wobei mindestens zwei der Farbfilter (22R, 22G,
22B) einander in jeder der Punktregionen mit
Ausnahme der Inseln (31a - 31c) Uberlappen.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriche 1 bis 12, wobei ein Farbfilter (22R,
22G, 22B) an einer Seite von mindestens einem der
Substrate (10, 25) bereitgestelltist, der Seite, die der
Fliissigkristallschicht (50) nahe liegt, und eine Off-
nung (22r, 22g, 22b) in einer planaren Region einer
Insel (31a) aufweist, die in der reflektiven Anzeige-
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region (R) angeordnet ist, und die Offnung (22r, 22g,
22b) zweidimensional von der schragen Grenzfla-
che (N) und dem Umfang der Insel (31a) entfernt
bereitgestellt ist.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriiche 1 bis 13, wobei eine Insel (31a), die
in der reflektiven Anzeigeregion (R) bereitgestelltist,
eine planare Flache aufweist, die gréRRer als jene ei-
ner Insel (31b, 31c) ist, die in der transmissiven An-
zeigeregion (T) bereitgestellt ist.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriiche 1 bis 14, wobei sich eine Signallei-
tung (13) zum Zuleiten eines elektrischen Signals zu
der Elektrode (31) in der Punktregion entlang der
Kante der Punktregion erstreckt, und eine Insel (31b,
31c), die in der transmissiven Anzeigeregion (T) an-
geordnet ist, von der Signalleitung (13) in der Drauf-
sicht weiter entfernt angeordnet ist als eine Insel
(31a), die in der reflektiven Anzeigeregion (R) ange-
ordnet ist.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 15, wobei ein nicht-lineares Element (40) mit
zwei Anschlissen, das an die Signalleitung (13) und
die Elektrode (31) elektrisch angeschlossen ist, ent-
sprechend der Punktregion auf einer Oberflache ei-
nes der Substrate (10, 25) bereitgestellt ist, der
Oberflache, die der Flussigkristallschicht (50) nahe
liegt, und die Signalleitung (13) entlang der kurzen
Seite der Punktregion bereitgestellt ist.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriiche 1 bis 16, wobei ein Schaltelement
(40) elektrisch an die Elektrode (31) angeschlossen
ist, die die Inseln (31a - 31c) und den Verbindungs-
abschnitt (31d, 31e) enthalt, und der reflektive Film
(20) sich zu dem Schaltelement (40) erstreckt.

Flussigkristallanzeigevorrichtung (100) nach einem
der Anspriche 1 bis 17, wobei ein Lichtstreuungs-
mittel (24) zum Streuen reflektierten Lichts an einer
Seite des Substrats (10) mit dem reflektiven Film (20)
bereitgestellt ist, und das Lichtstreuungsmittel (24)
in einer planaren Region einer Insel bereitgestelltist,
die in der reflektiven Anzeigeregion (R) angeordnet
ist.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 1, wobei eine Insel (31a), die in der reflektiven
Anzeigeregion (R) angeordnet ist, eine planare Fla-
che aufweist, die groR3er als eine Insel (31b, 31c) ist,
die in der transmissiven Anzeigeregion (T) angeord-
net ist.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 1, wobei die Elektrode (9) in den planaren
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Regionen der Inseln (31a - 31c) Ausrichtungssteu-
ermittel (9a - 9¢) zum Steuern eines Ausrichtungs-
zustandes des Flissigkristalls enthalt, wenn ein
elektrisches Feld angelegt wird, und das Ausrich-
tungssteuermittel (9a - 9c), das in der reflektiven An-
zeigeregion (R) angeordnet ist, eine planare Flache
aufweist, die kleiner als jene eines Ausrichtungs-
steuermittels (9a - 9c) ist, das in der transmissiven
Anzeigeregion (T) angeordnet ist.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 1, wobei:

eines von dem Paar von Substraten (10, 25) ein
Vorrichtungssubstrat (25) ist, das eine Pixel-
elektrode (31) und eine Signalleitung (13), die
sich entlang einer Kante der Pixelelektrode (31)
erstreckt, enthalt;

das andere von dem Paar von Substraten (10,
25) ein Gegensubstrat (10) ist, das eine Gegen-
elektrode (9) an einer Seite aufweist; und

der Abstand zwischen der Pixelelektrode (31)
und der Signalleitung (13) in der reflektiven An-
zeigeregion (R) kiirzer ist als der Abstand in der
transmissiven Anzeigeregion (T).

Elektronisches Gerat mit einer Flussigkristallanzei-
gevorrichtung (100) nach einem der Anspriiche 1 bis
21.

Revendications

1.

Dispositif d’'affichage a cristaux liquides (100)
comprenant :

une paire de substrats (10, 25) possédant cha-
cun une électrode (9, 31) d'un cété ; et

une couche a cristaux liquides (50) disposée en-
tre les substrats (10, 25) avec les électrodes (9,
31) situées entre, les substrats (10, 25) et les
électrodes (9, 31) définissant des zones a
points, une zone a points étant la plus petite uni-
té d'affichage du dispositif d’affichage (100),
chacune des zones a points incluant une zone
d'affichage transmissif (T) pour I'affichage trans-
missif et une zone d'affichage réflectif (R) pour
I'affichage réflectif,

la couche a cristaux liquides (50) contenant des
cristaux liquides homéotropiques, et son épais-
seur différant entre la zone d’affichage transmis-
sif (T) et la zone d’affichage réflectif (R),

une superficie inclinée limitrophe (N) étant four-
nie du coté intérieur de I'un des substrats (10,
25) afin de rendre différente I'épaisseur de la
couche a cristaux liquides (50) entre la zone
d’'affichage transmissif (T) et la zone d’affichage
réflectif (R),
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caractérisé en ce qu’ au moins 'une des élec-
trodes (9, 31) des substrats (10, 25) comprend,
dans la zone a points, une pluralité d"llots (31a-
31c) et une partie de connexion (31d, 31e) pour
la connexion électrique d'flots adjacents (31a-
31c), lapartie de connexion (31d, 31e) étant plus
mince que les ilots adjacents (31a-31c) dans
une direction paralléle & I'un des substrats (10,
25) et perpendiculaire & la direction de sépara-
tion des Tllots adjacents (31a-31c), le nombre
d"lots (31a-31c) dans chacune des zones d’af-
fichage transmissif (T) et d’affichage réflectif (R)
étant un nombre entier, incluant un,

la partie de connexion (31d, 31e) de I'électrode
(31) étant disposée dans la zone qui se super-
pose a la superficie inclinée limitrophe (N) lors-
que vue dans une direction perpendiculaire a
I'un des substrats (10, 25), et

la zone d’affichage transmissif étant plus grande
que la zone d'affichage réflectif.

Dispositif d’affichage a cristaux liquides (100) selon
la revendication 1, les flots (31a-31c) possédant
presque la méme forme plane dans la zone d’affi-
chage réflectif (R) et la zone d'affichage transmissif

M-

Dispositif d’affichage a cristaux liquides (100) selon
larevendication 1 ou 2, des moyens de contrdle d’ali-
gnement (9a-9c) étant fournis dans les zones planes
des 1lots (31a-31c) afin de contréler un état d'aligne-
ment des cristaux liquides lorsqu’une tension est ap-
pliquée.

Dispositif d'affichage a cristaux liquides (100) selon
la revendication 3, les moyens de contréle d’aligne-
ment (9a-9c¢) étant fournis quasiment au centre des
zones planes des flots (31a-31c).

Dispositif d’affichage a cristaux liquides (100) selon
larevendication 3 ou 4, les moyens de contrdle d’ali-
gnement (9a-9c) étant fournis de maniére corres-
pondante aux ilots (31a-31c) dans la zone a points,
et un moyen de contrdle d'alignement (9a) corres-
pondant a un flot (31a) disposé dans la zone d’affi-
chage réflectif (R) possédant une superficie plane
plus petite que celle d’'un moyen de contréle d'ali-
gnement (9b, 9c) disposé dans la zone d’affichage
transmissif (T).

Dispositif d'affichage a cristaux liquides (100) selon
'une quelconque des revendications 3 a 5, les
moyens de contrdle d’alignement (9a-9c) étant des
ouvertures fournies dans une électrode (9) opposée
auxflots (31a-31c) avec la couche a cristaux liquides
(50) située entre, ou des protubérances formées par
une matiére isolante et fournies sur I'électrode (9).
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Dispositif a cristaux liquides (100) selon I'une quel-
congue des revendications 1 a 6, les flots (31a-31c)
étant en forme de cercle ou de polygone régulier en
vue en plan.

Dispositif d’affichage a cristaux liquides (100) selon
I'une quelconque des revendications 1 a 7, la forme
plane de parties de I'électrode (31) au niveau de con-
nexions entre les flots (31a-31c) et la partie de con-
nexion (31d, 31e) étant effilée a partir des Tlots (31a-
31c) en direction de la partie de connexion (31d,
3le).

Dispositif d’affichage a cristaux liquides (100) selon
I'une quelconque des revendications 1 a 8, la partie
de connexion (31d, 31e) s’étendant & partir de bords
se projetant vers I'extérieur ou d'angles des flots
(31a-31c) en vue en plan.

Dispositif d’affichage a cristaux liquides (100) selon
I'une quelconque des revendications 1 & 9, une pel-
licule réfléchissante (20) étant fournie dans une par-
tie de la zone & points incluant la zone d’affichage
réflectif (R), et la pellicule réflective (20) couvrant la
zone a points a I'exception de la zone d’affichage
transmissif (T).

Dispositif d'affichage a cristaux liquides (100) selon
la revendication 10, la pellicule réflective (20) cou-
vrant la zone a points a I'exception d’'une zone plane
d’'unflot disposé dans la zone d’affichage transmissif

M-

Dispositif d'affichage a cristaux liquides (100) selon
I'une quelconque des revendications 1 a 11, com-
prenant par ailleurs :

une pluralité de filtres colorés (22R, 22G, 22B)
de différentes couleurs fournis de maniére cor-
respondante aux zones a points,

au moins deux des filtres colorés (22R, 22G,
22B) se superposant I'un avec I'autre dans cha-
cune des zones a points a I'exception des flots
(31a-31c).

Dispositif d'affichage a cristaux liquides (100) selon
I'une quelconque des revendications 1 a 12, un filtre
coloré (22R, 22G, 22B) étant fournit d’'un cété d'au
moins I'un des substrats (10, 25), le c6té proche de
la couche a cristaux liquides (50), et possédant une
ouverture (22r, 22g, 22b) dans une zone plane d'un
flot (31a) disposé dans la zone d’affichage réflectif
(R), et l'ouverture (22r, 229, 22b) étant fournie de
maniére bidimensionnelle séparément de la super-
ficie inclinée limitrophe (N) et de la périphérie de I'llot
(31a).

Dispositif d'affichage a cristaux liquides (100) selon
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I'une quelconque des revendications 1 & 13, un flot
(31a) disposé dans la zone d'affichage réflectif (R)
possédant une superficie plane plus grande que cel-
le d'unilot (31b, 31c) disposé dans la zone d’afficha-
ge transmissif (T).

Dispositif d’affichage a cristaux liquides (100) selon
I'une quelconque des revendications 1 a 14, une li-
gne de transfert de signaux (13) pour fournir un si-
gnal électrique a I'électrode (31) dans la zone &
points s’étendant le long du bord de la zone a points,
etunflot (31b, 31c) disposé dans la zone d’affichage
transmissif (T) étant disposé davantage séparée de
la ligne de transfert de signaux (13) en vue en plan
qgu'unTlot (31a) disposé dans la zone d’affichage ré-
flectif (R).

Dispositif d’affichage a cristaux liquides (100) selon
la revendication 15, un élément non linéaire a deux
bornes (40) connecté électriquement & la ligne de
transfert de signaux (13) et a I'électrode (31) étant
fournit de maniére correspondante ala zone a points
sur une surface de I'un des substrats (10, 25), la
surface proche de la couche a cristaux liquides (50),
et la ligne de transfert de signaux (13) étant fournie
le long du cdté court de la zone a points.

Dispositif d’affichage a cristaux liquides (100) selon
I'une quelconque des revendications 1 a 16, un élé-
ment de commutation (40) étant connecté électri-
guement a I'électrode (31) incluant les Tlots (31a-
31c) et a la partie de connexion (31d, 31e), et la
pellicule réflective (20) s'étendant vers I'élément de
commutation (40).

Dispositif d’affichage a cristaux liquides (100) selon
'une quelconque des revendications 1 a 17, un
moyen de diffusion de lumiére (24) pour diffuser de
lalumiere réfléchie étant fournit d’un cété du substrat
(10) ayant la pellicule réflective (20), et le moyen de
diffusion de lumiere (24) étant fournit dans une zone
plane d'un lot disposé dans la zone d’affichage ré-
flectif (R).

Dispositif d'affichage a cristaux liquides (100) selon
larevendication 1, unlot (31a) disposé dans la zone
d'affichage réflectif (R) possédant une superficie pla-
ne plus grande qu’un flot (31b, 31c) disposé dans la
zone d’affichage transmissif (T).

Dispositif d'affichage a cristaux liquides (100) selon
la revendication 1, I'électrode (9) incluant, dans les
zones planes des flots (31a-31c), des moyens de
contrdle d’alignement (9a-9c) pour contréler un état
d’'alignement des cristaux liquides lorsqu’un champ
électrique est appliqué, et les moyens de contrdle
d’'alignement (9a-9c) disposés dans la zone d’affi-
chage réflectif (R) possédant une superficie plane
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plus petite que celle des moyens de contrble d’ali-
gnement (9a-9c¢) disposés dans la zone d’'affichage
transmissif (T).

21. Dispositif d’affichage a cristaux liquides (100) selon

la revendication 1, avec lequel :

'une des paires de substrats (10, 25) est un
substrat de dispositif (25) incluant une électrode
de pixel (31) et une ligne de transfert de signaux
13)

s’étendant le long d'un bord de I'électrode de
pixel (31) ;

I'autre paire de substrats (10, 25) étant un contre
substrat (10) ayant une contre électrode (9) d’'un
coté ; et

la distance entre I'électrode de pixel (31) et la
ligne de transfert de signaux (13) dans la zone
d'affichage réflectif (R) étant plus courte que la
distance dans la zone d’affichage transmissif

M.

22. Dispositif électronique comprenant un dispositif d'af-

fichage a cristaux liquides (100) selon l'une des re-
vendications 1 a 21.
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